Key indicators: single-crystal X-ray study; T = 298 K; mean (C-C) = 0.007 Å; R factor = 0.053; wR factor = 0.130; data-to-parameter ratio = 16.2.
In the title compound, C 20 H 34 NO 2 P, the P atom has an irregular tetrahedral environment and exhibits S p chirality. In the crystal, weak intermolecular N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds link the molecules into chains extending in [010] .
Related literature
For the crystal structures of related P-chiral compounds, see: Chaloner et al. (1991) ; Meng et al. (2010) .
Experimental
Crystal data 
Data collection
Bruker SMART-1000 CCD areadetector diffractometer Absorption correction: multi-scan (SADABS; Sheldrick, 1996) T min = 0. Table 1 Hydrogen-bond geometry (Å , ). Data collection: SMART (Bruker, 2007 ); cell refinement: SAINT (Bruker, 2007) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL.
In (I) (Fig.1) , the configuration of the central P atom was detemined as S and the four groups around the P atom form an irregular tetrahedron. A stable chair conformation was observed for the 2-isopropyl-5-methylcyclohexyloxy, in which the isopropyl, methyl and oxygen atom locate at equatorial bond. The absolute configuration of C 4 , C 7 , and C 11 are S, R, and R, respectively. The bond angle around the P atom are normal and comparable with those observed in the related compounds (Meng et al., 2010; Chaloner et al. 1991 ).
In the crystal structure, the molecules are linked by weak intermolecular N1-H1···O2 and C13-H13···O2 hodrogen bonds (Tabel 1) into chains extended in [010] .
Experimental
Carbon tetrachloride was added to a solution of (R p )-O-menthyl-phenylphosphonothioate dissolved in dry ether and tertbutylamine.The reaction mixture was stirred for 30 h at room temperature. The crystal suitable for X-ray diffraction was obtained by recrystallization with dichloromethane/hexane.
Refinement
All H atoms were fixed geometrically (C-H = 0.93 -0.98 Å; N-H = 0.86 Å), and treated as riding, with U iso (H) = 1.2-1.5 U eq of the parent atom. Figures   Fig. 1 . The molecular structure of (I) showing the atomic numbering and 30% probability displacement ellipsoids. H atoms have been omitted for clarity. 
